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▼PCR mutagenesis close to the end of a target sequence
or close to a natural restriction site anywhere within the
target sequence can be performed with a single PCR re-
action, using mismatching primers that also include the
neighboring restriction site (Ref. 1). If natural restriction
sites are not available near the site where a point muta-
tion, deletion, insertion, or fusion to another sequence is
planned, different strategies are possible. The segments up-
stream and downstream of the mutation site or the fusion
site can be amplified using overlapping primers in separate
PCR reactions. The two products are then joined together
in a third PCR reaction, based on overlap extension (Ref.
2). This method requires long overlapping primers, and the
overlap extension reaction is often difficult or unsuccess-
ful, either because the overlap is too short or because of
adverse secondary structures. Another technique for muta-
tions within a single sequence is to use the product of a
first mutagenic PCR reaction as a megaprimer to amplify
the entire sequence (Ref. 3).
Alternatively, a suitable restriction site can be introduced
by silent mutations that are close to the primary site of mu-
tagenesis or to the desired site of fusion of two sequences.
Again, this requires two separate PCR reactions to amplify
the upstream and the downstream segments with the new
restriction site at the ends. At this site, the products can
simply be ligated. However, it is often difficult or impossi-
ble to find a suitable unique restriction sequence that can
be generated by silent mutations within a short distance of
a given position.
Here, we describe a simple strategy to introduce a tempo-
rary restriction site near the place ofmutation, such that the
upstream and the downstream PCR products can be fused
readily by ligation of their ‘sticky ends’, after which they
can easily be removed. The principle is to insert four ad-
ditional nucleotides into the sequence that, together with
the flanking nucleotides at the insertion point, constitute
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the recognition site of a restriction enzyme, producing four-
nucleotide 3’-protruding ends. After ligating the PCR prod-
ucts, the four additional nucleotides can be deleted by cut-
ting the DNA at this site, digestion of the protruding ends
and religation of the resulting blunted ends.
Inserting a ‘temporary site’
Using the appropriate primers, four additional nucleotides
(lower case) are inserted into the template sequence to gen-
erate a unique site for a restriction enzyme that produces
four-nucleotide 39-protruding ends. These are: NsiI (At-
gca T); PstI (Ctgca G); AatII (Gacgt C); SacI (Gagct C);
SphI (Gcatg C); BbeI (Ggcgc C); ApaI (Gggcc C); and KpnI
(Ggtac C). (There are additonal enzymes that recognize
multiple sequences.) All that is required in the target DNA
is the sequence AT, CG, or GC, close to the primary site of
mutagenesis, which are almost always there already, or can
be generated by a silent point mutation.
At the 5’ end, the primers are extended by 2−4 nu-
cleotides (preferably Gs and Cs) as a ‘clamp’ to improve
the efficiency of restriction-enzyme digestion at the end of
the PCR products. Using standard protocols, two separate
PCR reactions are then performed, as illustrated in (Fig. 1),
each using a mutagenic primer and a second primer, corre-
sponding to a flanking vector sequence (green in one reac-
tion and red in the other). The products, corresponding to
the two halves of the template sequence, are digested with
restriction enzymes to generate terminal ‘sticky ends’ for
ligation into a plasmid. The two sequences are joined using
the inserted site by standard restriction-enzyme digestion
and ligation.
Deleting the ‘temporary site’
At this point, any translation reading frame is interrupted
by the four inserted nucleotides. To restore the continu-
ous reading frame, the additional nucleotides are removed
by linearizing the plasmid by restriction-enzyme digestion
at the new site, digestion of the protruding ends with T4
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FIGURE 1. Introducing a point mutation by PCR using a ‘temporary’ Sac1 restriction site. (a) The template is shown in grey. The primer pairs are shown
in red and green; in this example, the red pair includes the mutagenic primer. Two separate PCR reactions are performed and the two halves of the
amplified template sequence are shown in (b). (c) The template halves are digested with Sac1 (arrows) to produce ‘sticky ends’ for religation. This
fragment is then subcloned into a plasmid, the ‘temporary’ Sac1 site is removed from the sequence of interest by digestion with Sac1, and the ends are
made blunt and religated (d).
FIGURE 2. Mutation of cysteine-6 of pre-pro-vasopressin-neurophysin II to serine by PCR mutagenesis using a ‘temporary’ SacI site. (a) The wild-type
sequence (with the codon of Cys-6, TGC, in bold). (b) The sequence is shown after mutagenic PCR-amplification and ligation of the two products: the T
was mutated to A and four nucleotides were inserted to generate a SacI site, at which the two PCR products were joined. (c) The restored, mutated
coding sequence (Cys→Ser) after deletion of the central four nucleotides of the SacI site by T4 DNA polymerase.
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FIGURE 3. Fusing two sequences by PCR using a ‘temporary’ restriction site.
DNA polymerase and self-ligation of the blunted ends of
the plasmid.
Similarly, it is also possible to use restriction sites for en-
zymes producing 5’ protruding ends, which can be deleted
using mung bean nuclease. However, in the presence of de-
oxyribonucleotides, T4 DNA polymerase is probably more
accurate in deleting the protruding nucleotides exclusively.
In this manner, point mutations, as illustrated schemat-
ically in (Fig. 1) and as a practical example in (Fig. 2), and
small insertions and deletions can be performed. Large dele-
tions and fusion of separate sequences can be carried out
analogously (Fig. 3). The approach requires two relatively
shortmutagenic primers, in addition to two partner primers
in the flanking vector sequences, and it is based on standard
PCR and recombinant DNA protocols. While obviously in-
volving more cloning steps than PCR mutagenesis by over-
lap extension (Ref. 2), it provides a reliable alternative when
the latter method proves difficult.
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